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A
Low temperatures and short times ane essetial requirements of future VLSI processing

and the use of plasma in conaunctlca with single-waler lamp heating is a major stop to realize

(0 this goal hs-. u multiprocessing reduces costamanatloa and enhances yield. Reproducible

Sgrowth of thin oxide in hot-wall furnaces is difficult due to lbag transient times sad corn-

stant furnace temperatures. Since furnaces are not designed for single-wafie processing, no

Go extensive in-at real-time mesrmnscan be peribrmved. RTP of Si in 0h and NE 3 am-

__blents is an attractive technique for the growth of silicon nitride, silicon dimilde, sitrided

oxides, oxidised nitrides, and applicatiorn-speclkc insulators~t We have also demonstrated

- he fessibf)ty of lWA~perature nitridaton of Si in nitrogen plasma generated by microwave

dischare Rt LPCVD of tungsten (W) has eeedas a viabl technology for VLSI. The

S conventional hot~wal furnaces ane not suitable fa reproducible hkgrat W deposition and

noaselective formation of W as insulators. 4.--

Based an our experiesces with microwave, plasm a ntridatioa and the rapid thermal di-

electric growth ad annel procemmes, we have developed a novel cold-wailsingle-wafsr rapid

thermal/planma, multIprocesing reactor for "n-"" rowth and depositio of dielectrics, sili-

con, ad met"i (ftg 1). This equipsaent In the reult ofan attempt to enhance equipment

versatility, to improve procass reproducibility and uniformity, to Incresse growth and deposi-

tion raies, and to achiev 6Inst multlprocsnag. The water-cooled stailess steel chamber

provides verin ports fw e Injetion optical heating of the mw.r pump, and newt pro.

em monitoring. The wafer @si low thermal mes pins focing the end carn of a discharge

tabe and is hated on the oWher aide by tanw-hnbalaqp mps. The optia lux reaches the

walar tkroso a water-cooled quarts window. The wea. tempersture can be controled in a

rang hes rom temperature to I I lia suens up to many minuties. Any cambinatlin of

inDo hom aa 7 5 2? 034



Ar, N2, 0h, NH3, WY., Was, H2, SMN, and SF4 cam be lajocted, las the chainber either
through a quart tube at the bottomn of the chanmbe or through the sid pot amph...

lajutor. Reint. pas. can be Saamated iluie the tubs by.a malcwv. disebaip cavity.

The availbilty of plasm proening not only allow le-tekpuratre dielectric growth but
&W . has enabled a to dievelop sweal nowy pesesw 1r nonselective depeeitloa df W ad

its comspomian imnsulating laymr for MOB saw appllcatlim.. This systesu configuration
is very Sexibis hr in-Mud mult.prcess 1 because It alows rapi cycling o( amableat pas,

temsperatur, ad plasm with ahglgble cross-coataminatom Thm destal. of this reactor are

presented elsewhere [3).

The rapi therml oxidatioa (RTO) procss is a viabe technique for growing thin . The
MOS devices with rapidly Vrowa were found to have lage chaipt-brealtdown aad lower

electrm trapping comparedl to furac* oides. As a examaple, the char-tobeakowu vs

XTO temapersaure shawa in Fig. 2 indicates, a higher breakdown chaip wbea the surface

is from of native oxide prie to gate oxidation. This demtmstrates the isaportaace of wada

prexildatlo. surface cleanliness because the chemical oxide simsulates the oxide Vrown aa
furnace when the waisee uncontrolled amabient and temperature during loading and as-
loading. As comspared to the devicesswith preoxidatlou resirl of native oxide, the presence

of a chemilcal oxide prior to RTO reuced Q, and Dig, aad their depeadencies an the RTO

temaperaftre. Multicycle rapi therml growth proceFs ane suitable hr dielectric omgiag
and 6a-dd foration of thi layered lasulator with a Variety of controllabl oxylpa and a,-

trhm cmpo~tina deth roiesby apropriate design ofO the tertre and 9Ws cycles.
In the rapid thermal nidathon (KJ'N) at, N-rich lapses brm at the surface and laterface

(FIg. 3(a)). RTN of slow down the pusral rawe a( amw surface stafte caused by high-

Ad oetrical stly..a (ftg 3(b)). To doeistreas s Mul . Pr capabilties of RT,

we have fhricaled wes NNWO aemmiosem wbm- I? am em2e hr peath and a-

amolug of pa., euldes aWnd oteuds. activation and redistributs. of depasit in asue/,dinia

a" nd N peo tsh Womat Ib If peale nie and IormiaP as mams. Sees results

roseding oloctria performanice. hat-curvier depsadt, and surac mobilities of KOME~

wit rapidly rwn gat Inahoo will be prsoed.

The malm ebiseiv of ear werk iso to develop WInda@ proeses for rn-ads bbricatiom

fbewe by a mmeio wed W depedsit p-rnse to Sam th A . etr W is quite

afthactiv a ma bMO ae i 14j her a relae poses far ".asd hermatl of
W pf. olerasdes has, no hem deloed.- W-at MUN VLSI cam ha naked N sis o

the xmqjo push.. rood to the peer adbuea of W to mtlng layess, ehameluag of



implanted depst threo W pAs, and lach .1 ucdation rmistance ane ovecome. We have
Wd two appreaches to solve this problem- am by umlg a3 glu Sh laad the othe by the

se of RTP/wksrwwe plumas twechWd
Is 1redio .1WV. can am ere immiks u bmunes sawserawofmetal or Si Is used for

Initial nucleatio. Is a series of apmentswb W deposit. by a cesvenUtloal hot-wail LPCVD

furse. on using amorphous N sI a &a hye was lavedipWe. For 30a1i3 of W deposition,

the W Alm an dud wakrs coated with 349 and 439 of LCVD amorphous Si successfully

- th trwps~ns apeadheiem~t.An syrup st reistance of Oi 0/0 for 1300 W
Alas was obtained. W peele of from wafer costed with 250 of amorphous Si after only

20 an of W deposition which indicated that the preec o- -a o amorphous Si was needed

for adequate adhesion. W-gate MOS capair ww fabricated using this technique and
Fig. 4 liuhwstmts the typical C-V characteristics. The densities a( midgap Do, were in the

nge of (2.5-3.5)10'G.V-'ca-3. The Insulato thikn estimated, by the C-V method w"~

coesistmsty thicher (by msuh as 30 to 55 ) than the oxide thickness measured before

the Amorphous Si deposition, Which is as Indication of some remainig excess amorphous Si;

however, this Si was ciinplstey coesumed during subsequent thermal annealing.

As a relt of the proem- limitations of the above technique a variety of selective and
snsletive pencemse wore investigated is this work Wsing the novel reactor. Table I presents

a summary list of the W deposition procese s veoped mss out multiprocessing reactor.

These techniques ame peeped hued on the plasma cowdition and the iqjectam made of var-

sov ambleat pow. These depesities -w studie extensively in a wide rng. of go asLw*.

pomus.e nd sempeauew Sew-Il of the se eel noeselective pre- -- are reported for
the am ow times this WWrk Mhen We ofra mixtuse at WFe+Eu Was injected through the

snaplma past, ommese of Is plum,. Ar plas, or Ar+I, plum is the quarts tube

p -um waed incav W depeitlu as Insulat surbs... Additien of At to Us enhances

the plum wak intensity ed Adsty ) a M atmak hydruen. Another aoselective

depesie echiqu dveopedin tiswombempsped WF.+Ar pasma alung with noum
No. Under appruprise spwnmel emndins of these aenslsctive, deposition tech.

aiques am W depesition en the chamber webfi or inlde the quartz tabe. The mixture of
MUS+KS Oed Wipe ohm"up euad Is wn ertive depositien Oer both plasma, an esplasma
type of pmsmss. Mmumeve, the cemblmatim of Xs+E, plam aW WI., abo resulted in

anesertive mtft Soe depubtim. The Am depsleed by amy of the last three techniues

in Thib I (no JKL) bed hj~ nlwlti computed is pure W %ad weectmed to be
W sa.empinadls. W Adds.wmy NOW~l , M piepertin subh a eidat raltance.
didwin has mW im imphat chamadg ep W ultude Alm coud asie be breed by



WN ef W beam The Sim ukrided at the higst tempemture (1000 or mar.) wer mot

staboom I the W iw mlt"d at low tempeamks (e4g 8M) wee staW Accrding

to the Auew deptb pefis the Sims ataed as 85 and above were W oxuy ltdes. Im-o*u

adbeles to ihnst ws. obtuied fur needectle deposited W Alms tbicher than 1. in

some istaes, an initial W depeeils cycles b Mee by another type of deposition in

oeder to obtain optimal adbein and unfomity popertie. All o the noelective deposition

tech ke developed In this work we applicable to m-ft fLbrication of wtal Wte MOS
devices. Varm sn-.au MOS devices wete succemfully ftbrcated using these techniques and

the results Including studies d possible plama damap will be presented.

Any combination of WF#/HI/Ar without plasma discharg (rows A through E in Table

1) resulted In very selective W depositlons on exposed Si ares. The selective depositious

were performed in a wide rmap o p low rates, pressure, and temperature and selectivity

was maintained for depositions well over 1 . Compaed to a furnace, this single-wafer cold-

wall reactor ors a much larger procemkig whidow for selective processes without loss of

selectivity after long timm st elevated temperatum as much as 450.

in conwsion, this novel rapid therna/pasma multiproc"sing tecknue has potentiaJ

merits for 6-u fabrication of future MOS VLSI circuits. This work was supported by IM,

DARPA, and SIC.

[1) U. Maole .1.1L, ECS Proc. U6-4, 37 (IOU).

(21 i. Mai ef L, J. Appl. Phy. ", 2416 (1I).

[31 M. Me" o L, MRS Symp. on ITP, (196?). .,

[53 N4. Nobsymeh of eL, VMIC Pmo., 436 (196).

A£990SIG forPe

... t ,i d 3

.1 lk, w . I f , I

4I I I
--... .... ........ . -



Ta 1; vamn gw d pbm an mahm " LPCV IS1.1

at~ ~~ 016501FW

Wwwwh a" , %==-(a)

Sit~~ I* i Wy M

- I 5M®R

J *--WWautO

SOO= po onft-

WIT wi i al i lmmo a a t m v w M " s nm i li

d.,wm(p~am-T.85xIS crn ) wait a A Sio,.a
masmedspummue 7 m r Ic fwr30w.

*4"4 lV

urime 2.a/ern1 prnmlprMAYmdM~. Vo -2.S laqw

rumn Impdip we sw indi) owsh alws.. "" "WGMC Vf.1AU (Vola)

ranliho W wil ma a" S m is do b14.0 hasmi m. lau 'f UMO &,i wash snhmmdid ammm 550,
amiaismmill dippedo win mp A to th. Ma. gae amlass ml towaps.l We thmimb hbwd hy
"Ift eod _ POWur 10s malm a Mid-wa bdup. %SM gi d rMphMm ill..m WMI, Saam I,, .

hinted~keiv .mwbwrnm u-wmA UlCVD huw*t suns. depasi..


